Fractions of rabbit anti-Vibrio cholerae serum containing yG antibodies were compared with fractions containing 'yM antibodies for their ability to protect mice against lethal infection resulting from the intraperitoneal injection of organisms suspended in mucin. About twice as much -yG as yM (estimated by quantitative precipitation) was required to protect against approximately 1,000 50% lethal doses when the antibody was given intraperitoneally 4 hr before challenge. When protective serum fractions were given subcutaneously, however, the amount of yM required to protect was increased about 40-fold, whereas yG was about equally effective subcutaneously and intraperitoneally.
Although protection against bacterial infection is an important biological function of antibody, there have been but few observations pertaining to the relative effectiveness of different classes of immunoglobulins (2, 5, 6) . Antiserum to the somatic antigen of Vibrio cholerae passively protects against the lethal effect of intraperitoneally injected organisms suspended in mucin (3, 9) . In view of the observed differences in the serological properties of -yG and 'yM antibodies to this organism (13, 14) and other gram-negative bacteria (1, 5, 10, 15, 17, 19, 20) , this with 0.5 ml of mucin suspension containing graded numbers of bacteria and were observed for 72 hr. The majority of deaths occurred within 48 hr. The number of organisms required to kill half the mice (LD5o) was estimated by the method of Reed and Muench (16) .
Determination of ED50. Mice were injected either intraperitoneally or subcutaneously with 0.25 ml of fivefold dilutions of serum fractions containing antibody. Either 4 or 21 hr later, as indicated in the tables, they received a challenge intraperitoneal injection of live vibrios suspended in mucin. The challenge dose was calculated to be between 1,000 and 2,000 LD50. The actual dose in each experiment was determined by plate count. The dilution of test material required to protect half the mice for 72 hr (ED5o) was estimated by the method of Reed and Muench (16) . Each challenge dose was given to two groups of mice protected with -yG and -yM preparations, respectively, in the hope of increasing the reliability of the comparison.
Antibody preparations. The sera of rabbits hyperimmunized by the intravenous injection of live Ogawa, strain NIH41, were chromatographed as previously described (14) to provide fractions containing predominantly yG and -yM antibodies. Fractions were maintained at -20 C until use.
Serological tests. Vibriocidal titers (VD50) were determined as already described (13) . The amount of specific antibody protein was estimated by quantitative precipitation (13, 15 To determine the passive protection obtained 450 by subcutaneous injection of antibody, the experiments summarized in Table 4 Table 2 . c Combined results of two experiments each using six mice per group.
DISCUSSION
Although protection against lethal infection was not reported, Robbins et al. (17) found that much smaller amounts of -yM than of yG were required to clear 50% of the organisms from the blood in 1 hr when sensitized Salmonella typhimuriun was injected intravenously into mice. In the experience of Kenny and Herzberg (11) mice were resistant to intraperitoneal challenge with S. typhimurium within 6 days following active immunization. Since the only bactericidal antibody detectable at this time was mercaptoethanol-sensitive and was excluded from G-200 Sephadex, it appeared that actively produced 'yM antibody was protective. Dolby and Dolby (5) The relative ineffectiveness of yM administered subcutaneously in our experiments is readily explained by the inability of these molecules to diffuse through the tissues. Cohen and Freeman (4) showed that intravenously injected macroglobulin failed to reach the extravascular spaces of human subjects. A similar explanation was suggested by Feeley (6) to account for the relative ineffectiveness of passively administered early immune serum to protect infant rabbits against V. cholerae introduced orally. The failure of -yM to protect against the intracerebral inoculation of B. pertussis (5) is another case in point.
It appears, therefore, that both yM and -yG are capable of passive protection under certain conditions but that the effectiveness of yM particularly may be limited by its inability to reach the site of infection. The course of infection in the experimental model employed and the cells (12) and tissues (18) involved in the removal of the organisms are also factors to be considered.
It is obvious that the conditions of our experi-VOL. 4, 1971 PIKE AND CHANDLER ments bear little resemblance to naturally occurring cholera in man. Not only is natural infection confined to the intestinal tract, but the elaboration of exotoxin (8) undoubtedly plays an important role in pathogenesis. The findings are, however, pertinent to the procedures that have been used for evaluating the immunizing efficiency of cholera vaccines and to the possible significance of circulating antibodies in cholera immunity.
